The study includes comparison of MDA, SOD, Catalase, Glutathione, along with the trace elements Copper, Zinc and Iron between COPD patients and healthy controls. Additionally, blood rheology patterns were studied. The presented paper, is the first article up to date, studied a wide range of parameters in COPD patients. 
INTRODUCTION
Chronic obstructive pulmonary disease (COPD), is a commonly observed and progressive disease, emerging as a result of factors such as smoking and inhaled noxious particles as well as other environmental and personal effects of risk factors. Constriction in the airway and reduced airflow are observed in the patients with COPD [1] . Free radicals are atoms or molecules that carry one or more unpaired electrons in their outer orbitals. They are unstable with very short half-lives but are very reactive. As a result of their high reactivity, polyunsaturated fatty acids in the membrane structure are affected due to the oxidation of acids and lipid peroxidation [2] .
Malondialdehyde (MDA) is an indirect indicator of oxidative damage that can be detected in the systemic circulation [3] . In organism, superoxide dismutase (SOD), glutathione (GSH) and catalase (CAT) are among the components of the antioxidant system. SOD catalyzes the formation of oxygen molecule and hydrogen peroxidation using two superoxide molecules as substrates [4] .
Under normal circumstances, the respiratory tract epithelia is protected by enzymatic and molecular defenses against free radicals of exogenous and endogenous origin. However, when the antioxidant capacity is exceeded, the effects of oxidative stress may occur [5] .
Trace elements are molecules which are present in the organism in very small quantities, but are found in the structure of many enzymes for the regular process of cellular activities. It is known that trace elements, especially Copper (Cu), Zinc (Zn) and Iron (Fe) have important effects on lipid peroxidation. Zn, the cofactor of SOD enzyme, plays an important role in capturing of free oxygen radicals. A portion of the Fe present in the organism is active within the cytochrome enzyme systems such as CAT and peroxidase. Another task of the Fe in the organism is antioxidation.
However, free Fe in the plasma might directly or indirectly trigger oxidative stress on the cell membrane. Cu is found in the structure of most enzymes (especially SOD) that protect the cells from lipid peroxidation, playing a role as a prooxidant agent on cell membranes [6, 7] .
In COPD, excessive amounts of free radicals and reactive oxygen metabolites are produced as a result of impaired inflammatory response due to progressive airway obstruction. Oxidant molecules react with proteins, lipids and nucleic acids, leading to cell dysfunction or death [8] .
The aim of this study was to evaluate the serum levels of trace elements and the oxidant antioxidant levels in COPD patients. Moreover, we investigated whether there is a difference in the blood viscosity as a result of expected increase in red blood cell number due to chronic hypoxia.
METHODS
In our study, blood samples taken from patients diagnosed with acute exacerbation of COPD (n=25) and healthy controls (n=25) were used. Patient group was consisted of male patients who had at least one COPD attack and clear of any other chronic disease. The samples from the control group were selected from healthy male subjects. Patients and control subjects were recruited from a large tertiary hospital on Thorax Diseases and Chest Surgery.
We measured MDA levels in red blood cell (RBC) and plasma of the subjects in addition to the RBC SOD, catalase activity, and glutathione levels. Also, serum Fe, Cu and Zn trace element levels and viscosity values were determined.
All participants were informed about the study and individually signed and dated the consent 
Laboratory Analysis

Preparation of RBC Hemolysate:
Heparinized blood samples were centrifuged at 1000 rpm at 4 ºC for 15 minutes. Plasma was discarded after centrifugation. 0.9% NaCl was added on the remaining RBCs and centrifuged at 1000 rpm at +4 ºC for 10 minutes. This procedure was repeated twice. RBC samples were kept at -70 ºC until the analysis day.
Lipid Peroxidation in Plasma and RBC samples:
The level of lipid peroxidation was determined by measuring the formation of malondialdehyde (MDA), the end product of lipid peroxidation. The MDA concentrations were determined using the thiobarbituric acid (TBA) method. Peroxidation was measured as the production of MDA, which, in combination with TBA, forms a pink chromogen compound. Then, absorbance at 532 nm was measured with spectrophotometry [9] .
GSH in RBC samples:
For the measurement of GSH, 0.1 ml of blood sample was treated with 0.9 ml of cold distilled water. 1.5 mL of precipitation solution (1.67 g MPA + 0.2 g EDTA + 30 g NaCl dissolved in 100 ml water) was was added and incubated 5 minutes. Phosphate buffer and 5 '5' dinitrobenzoic acid (DTNB) were added on the supernatant. Absorbance was measured at 412 nm [10] .
SOD Activity in RBC samples:
The assay for SOD activity is based on the involvement of xanthine oxidase as superoxide generator using 2-(4-iodophenyl)-3-(4-nitrophenyl)-5-phenyl tetrazolium chloride (INT). The enzyme activity is measured by the degree of inhibition of this reaction at 505 nm. One unit of SOD is defined as which causes a 50% inhibition of the reduction rate of INT [11] .
Catalase Activity in RBC samples:
CAT catalyzes the breaking of H2O2 into the water and molecular oxygen. The activity of CAT is measured by a procedure measuring peroxide removal. The disappearance rate of H2O2 at 240 nm is measured spectrophotometrically [12] .
Blood and Plasma Viscosity:
Plasma viscosity measurement was performed using Harkness Capillary viscometer, whereas Wells-Brookfield cone-plate rotatory viscosimetry was used for blood viscosity.
EDTA blood samples were kept at room temperature on an automatic mixer following the withdrawal and analyzed within 2 hours. The viscometries were calibrated and standard solutions were used before the measurements. The water bath of the Wells-Brookfield viscometer was kept constant at 37 ºC throughout the run.
Trace Elements in Serum:
5 mL of venous blood samples of the patient and control group were used for the measurements of Fe, Cu and Zn levels. Stock solutions (1000 μg/mL) were prepared for each analyte using the commercial standards (Titrisol-Merck). Working standards with the concentrations of 0.5, 1.0 and 2.0 μg / ml were prepared from the stock solutions. Concentrations were measured using the Atomic Absorption Spectrophotometer (AAS) with Hallow Cathod Lamp (HCL) lamps that emit light at a specific wavelength for the element.
Statistical analysis:
Statistical evaluations of control and patient groups were performed with the Student's t test using Statistical Package for Social Sciences (SPSS)-11.0 version. The results were presented as mean ±standard deviation (M ± SD). Significance level was accepted as p<0.05.
RESULTS
Blood samples of patient and study groups were provided from a tertiary care institute on thorax diseases.
Plasma and RBC MDA levels in patients and control groups were statistically significantly higher than the control group ( p<0.01). RBC GSH, SOD and CAT activities were found to be lower when compared to the control subjects (p< 0.01) ( Table 1) .
When the results obtained from the serum samples of the patient and control group were considered, it was found that serum Fe and Zn values of the patient group were decreased significantly compared to the control group (p<0.05). However, Cu values were higher in the patient group (p <0.01) ( Table 2 ).
When the blood viscosity parameters of the patient and control group were compared under different flow and pressure conditions, no significant difference was observed (Table 3) .
DISCUSSION
Oxidative stress-producing free radicals and reactive oxygen metabolites are very common in the environment. The highest oxygen pressure is present in the lungs. The lungs are also the most exposed organ to cigarette smoke and polluted air, thus oxidants [13] . Oxidative stress plays a very important role in the pathogenesis of COPD as well as many other chronic diseases [14] [15] [16] .
Excessive amounts of free radicals and reactive oxygen metabolism arise due to abnormal inflammation of the body in response to progressive airway obstruction in COPD [17] . Antioxidant system components present in the tissue take part in the prevention of oxidative damage in the lungs under normal circumstances. However, when the free oxygen radicals are overproduced, oxidative damage occurs since the protective system remains insufficient. Free radicals cause lipid peroxidation of polyunsaturated fatty acids in the membrane structure and modification of biomolecules in the biological systems [18] .
One of the results of our work is the increase of plasma MDA levels when compared to the control group. This data shows that the locally produced lipid peroxidation products have reached the systemic circulation. Despite the increase in lipid peroxidation, SOD, CAT enzyme activities and GSH values were found to be decreased. The results of our study in patients with COPD indicate that while lipid peroxidation takes place in the organism, and the members of the antioxidant processes could not be able to trigger the efficient defense systems. Despite the lipid peroxidation in the course of COPD, our results claiming the inadequacy of the antioxidant defense systems in the pathogenesis of COPD are confirmed by various investigators [19] [20] [21] .
Since it has been determined that defense systems against the oxidative stress are associated with trace elements, investigators have studied the relationship between oxidative stress, antioxidant defense systems and trace elements in various diseases [6, 22] . When the trace element levels were taken into consideration, Zn and Fe concentrations were found to be lower in the patient group than in the controls and that Cu levels were significantly higher in our study. High or low values of trace elements relative to normal levels might cause defunctioning of the functional proteins in the organism. It is known that the activity of the SOD enzyme, which is one of the members of the antioxidant defense system, is regulated by trace elements such as Cu and Zn [23] .
Karul AB and colleagues, in their study of trace elements and lipid peroxidation in individuals with pulmonary disease, observed no changes in MDA, Cu, Fe levels, but found that Zn levels are decreased and Mg levels are increased in the patient group [24] . Karadag et al. found
higher Cu and lower Zn concentrations in their study group with COPD patients in accordance with our findings, claiming that the lower concentrations of Zn in COPD patients might be a result of activation of antioxidant systems using this element as a cofactor. There are various studies suggesting the similar approach to the mechanism, causing decreased levels of Zn in these patients.
However, these findings need further investigation with the measurement of tissue antioxidant enzyme activities in order to clarify the subject [22, 25] . Maury et al. found increased lipid peroxidation and copper levels combined with decreased levels of GSH, and Glutathione peroxidase (Gpx) activity suggesting an antagonist relationship between Cu and Zn. They claim that higher Cu levels are a result of increased lipid peroxidation, whereas decreased Zn levels are due to consumption of Zn by antioxidant mechanisms which are trying to prevent oxidant damage [8] .
In our study; the CAT and GSH activities of the organism's defense system members are found to be lower in the patient group than the controls, which is similar to the results of various investigators. Reduced GSH is defined as the master non-enzymatic antioxidant [26] . Various studies with total blood, plasma and RBC samples of COPD patients showed decreased GPX anzyme activity which uses GSH as a substrate [4] . The fact that the levels of organism's antioxidant defense system members are lower in COPD patients compared to healthy individuals may suggest that, due to the changes in cell's environmental conditions, RBC intracellular pH and/or the signaling molecules might be altered.
Despite the conradictional reports on MDA levels in COPD patients, there is a consensus on increased levels of MDA during acute exacerbations. Since our sampling time is consistent with hospitalized exacerbations, these suggestions might be an explanation for the higher levels of MDA in our study group. However, this needs further clarification recruiting different sampling times of a study group in the course of the disease. Thus, fluctuations in the level of lipid peroxidation might be observed [4] . Since most of the COPD patients have a previous or present history of smoking, increased amounts of oxidant and decreased amounts of antioxidant system enzymes and elements may be a result of tobacco consumption. There are large number of studies supporting this hypothesis [27, 29] .
The resistance of liquids and gases against the flow is called viscosity. Blood tissue has unique rheological properties as a result of various cellular elements dissolved in the plasma [30] .
At certain flow conditions, viscosity of the blood is dependent on the the rheological properties of the plasma and cellular elements. The main factors affecting blood viscosity are erythrocyte deformability and aggregation, platelet aggregation, hematocrit value and plasma viscosity.
Increased lipid peroxidation in the erythrocyte membrane reduces membrane deformation, thus results in the alteration of rheological characteristics of the blood. An increase in the number of erythrocytes due to the decreased level of oxygen supply is observed in order to supply the sufficient oxygen to the tissues. As a result, significant increase in blood viscosity is expected due to the increase in the number of RBCs [31] .
According to the results of our study, there was no statistical significance in terms of blood viscosity and relative viscosity compared to the control group at various slip velocity values. In patients with COPD, erythropoietic activity and Hematocrit (Hct) levels are expected to be found higher as a result of the hypoxia they are exposed to [32] . In our study, there was no difference in the levels of hematological elements (RBC, Hb, Hct) when compared to the control group (Table 4) .
Therefore, our contrary data might be a result of the fact that the patients are under direct oxygen therapy.
In conclusion, our findings indicate that, COPD leads to lipid peroxidation in the RBC cell membrane. Additionally, despite the higher level of lipid peroxidation, antioxidant defense system components in the organism did not produce the anticipated response. However, it will be possible to obtain more comprehensive results by excluding the biochemical differences that might affect the results of the study. Concentration differences in COPD conditions between the trace elements such as Cu and Zn, which are in interaction with the defense system elements, may be an indicative of the altered binding properties of the proteins and enzymes interacting with these elements. 
